Purpose To investigate the incidence of cystoid macular edema (CME) after scleral buckling (SB) and verify the possible risk factors of CME. Methods A retrospective, non-comparative, interventional case series study was conducted. Clinical charts of 130 consecutive patients who were underwent successful SB for primary retinal detachment (RD) from 2009 to 2013 were reviewed. Optical coherence tomography (OCT) was applied to detect CME. Data pertaining to patient demographics, pre-and postoperative visual acuity, surgical procedures, and postoperative OCT findings were recorded. Factors associated with CME were also analyzed. Results The incidence of CME was 9/130 (6.9%). Risk factors for developing CME were older age (non-CME vs CME: 44.8 ± 14.8 vs 57.3 ± 5.3 years, Po0.05), more extensive RD (RD extent by clock hours; non-CME vs CME: 4.61 ± 1.57 vs 5.78 ± 1.39, Po0.05), macular detachment (non-CME vs CME: 51.2 vs 88.9%, Po0.05), and external drainage (non-CME vs CME: 38.8% vs 77.8%, Po0.05). There was no significant difference between patient with and without CME regarding the use of gas tamponade and the lens status. In patients with more extensive RD (macular detachment plus RD of more than 3 clock hours before surgery), 8 of 68 patients had CME after SB and only older age and external drainage factors were associated with CME. Conclusions The risk factors associated with CME after SB were older age, more extended RD, macular detachment, and external drainage. External drainage should be used with caution in older patients with more extensive RD.
Introduction
Scleral buckling (SB) is a standard procedure for primary rhegmatogenous retinal detachment (RRD). 1 The single operation anatomical success rate of SB has been reported to be over 80%, and this rate continues to increase due to improvements in surgical techniques. 2, 3 However, postoperative complications including glaucoma, buckle extrusion, choroidal effusion, cystoid macular edema (CME), diplopia, and changing refractive errors can affect visual recovery. Of these complications, CME is the most important factor with regards to visual restoration. CME was first described by Vogt in 1921. 4 It gained much interest in the 1980s, and it is one of the most common complications after SB, [5] [6] [7] with a reported incidence rate ranging from 5.6 to 43%. [5] [6] [7] Several possible risk factors including old age, aphakia and pseudophakia, preoperative macular detachment, and intraocular inflammation have been postulated to induce CME postoperatively; however, there is currently no consensus. [5] [6] [7] [8] [9] [10] Optical coherence tomography (OCT) is widely used to diagnose macular diseases, as it provides detailed images of the retina allowing for the detection of subclinical anatomical changes in the macular area. OCT can therefore be used to rapidly and non-invasively detect CME. [11] [12] [13] We hypothesized that the incidence of CME after SB surgery would be higher when detected using OCT. Therefore, the aims of this study were to test this hypothesis, and also to investigate risk factors for CME following SB in current practice.
Materials and methods

Study subjects
From February 2009 to October 2013, we reviewed the clinical charts of all patients who underwent SB without vitrectomy for primary RRD at National Taiwan University Hospital. The patients who were followed for at least 6 months were enrolled in this study. Patients with persistent RD for 4 weeks after surgery or recurrent RD during follow-up were excluded from this study. The other exclusion criteria included: previous vitreoretinal surgery on the same eye and preoperative conditions that may have caused CME (eg, uveitis, severe non-proliferative or proliferative diabetic retinopathy, recent cataract surgery, retinal vein occlusion or pan-retinal photocoagulation within 6 months before surgery). The study protocol was approved by the Institutional Review Board of National Taiwan University Hospital (201411007RINA).
Surgical technique
All SB procedures were performed by a single retina surgeon (J-SH). In brief, the patients underwent either local or general anesthesia. After peritomy, four rectus muscles were isolated. Retinal break localization was performed with indirect ophthalmoscopy, and scleral marking was done with a diathermy probe. All of the patients received cryopexy to treat their retinal breaks. The goal of cryopexy is to apply appropriate cryotherapy around all retinal breaks with 1-2 mm of contiguous cryo spots under indirect ophthalmoscopy. The buckling explants were made of silicone sponge, and the extent of buckling was based on the extent of RD. Intravitreal gas injections were generally used for breaks at the superior part, and/or a greater amount of subretinal fluid. The use of external drainage was considered in patients with bullous RD, breaks at the inferior part, and/or high myopia.
Clinical data collection
The demographics and preoperative data including age, gender, lens status (phakic, pseudophakic, and aphakic), history of possibly etiologic trauma, refractive errors, previous eye surgery, other eye diseases, macular detachment (on or off), the extent and distribution of detachment by clock hours, and duration of RD were recorded. Intraoperative surgical features were also recorded, including drainage of subretinal fluid, gas injection, scleral buckle configuration (encircling or segmental), number of breaks, and duration of surgery.
Postoperative data including fundoscopy at each follow-up visit, OCT imaging to detect the presence of CME, treatment and response in cases with CME were recorded. All of the subjects enrolled in this study received OCT within 8-12 weeks after surgery. The OCT images of the macula were obtained using a spectral domain OCT system (CirrusTM HD-OCT, Carl Zeiss Meditec, Inc., Dublin, CA, USA). All OCT images were reviewed independently by all investigators (J-SH, T-TL, and P-TY). The diagnosis of CME was made if the OCT image of the macular showed typical findings of loss of foveal depression, retinal thickening (central retinal thickness over 300 μm), and cystic hyporeflective lesions in the outer plexiform-inner nuclear layer. Disagreements were resolved by consensus of the investigators.
Statistical analysis
The χ 2 -test or Fisher's exact test was used to examine between group differences in non-continuous variables, and the Mann-Whitney U-test was used for continuous variables, which were presented as mean ± SD. Logistic regression analysis was performed in all patients and in the extensive RD group to identify possible risk factors associated with CME, including age, extent of RD, preoperative macular detachment, lens status, number of breaks, duration of surgery, the use of gas injections, and usage of external drainage. Variables with statistical significance in univariate regression were further analyzed using multivariate regression with stepwise forward selection analysis. The paired T-test was used to compare pre-and postoperative visual acuity. Multiple linear regression analysis with stepwise forward selection was applied to determine possible factors associated with visual outcome. A P-value of o0.05 was considered to indicate statistical significance.
Results
One hundred and thirty eyes from 130 patients were enrolled in this study, including 79 males and 51 females ( Table 1 ). The age of the patients ranged from 15 to 81 years (average: 45.7 ± 14.6 years). There were 121 (93.1%) phakic eyes and 9 (6.9%) pseudophakic eyes. The average duration of RD was 11.1 ± 3.5 days (range: 1-60 days). Among these cases, 70 eyes (53.8%) had macular detachment before surgery. The mean extent of RD involvement was about 4.7 clock hours (range: 2-12), while 29 (22.3%) eyes had less than 3 clock hours in the RD area, and 10 (7.7%) eyes had more than 6 clock hours.
All cases received cryopexy, and 54 (41.5%) eyes underwent external drainage during the operation. One hundred and twenty-eight (98.5%) eyes received segmental SB, and only two eyes (1.5%) received encircling SB due to difficulty in identifying all of the retinal breaks preoperatively or during the operation. Preoperative and intraoperative evaluations revealed that most of the cases (117 eyes; 90%) had a single break or adjacent multiple breaks, while only 13 (10%) eyes had multiple breaks in different quadrates. Gas injections were performed in 48 (36.9%) eyes during surgery, including 15 (11.5%) eyes with C 3 F 8 and 33 (25.4%) eyes with SF 6 .
The average follow-up time was 16.9 ± 9.4 months (range: 6-42 months). Nine (6.9%) eyes developed CME after the SB procedure, and the diagnosis was confirmed by both OCT and fundoscopy. There were significant differences in age, extent of RD, preoperative macular condition, and those receiving external drainage (all Po0.05) between the patients with and without CME ( Table 2 ). There were no significant differences in other factors including lens status, duration of surgery, and the use of gas injections between those with and without CME (all P40.05). In univariate regression, older age, larger extent of RD, preoperative macular detachment, and usage of external drainage remained the four risk factors for the development of CME (odds ratio: 1.078/ 1.431/ 7.613/ 5.511, respectively; P-value: 0.013/ 0.030/ 0.029/ 0.022, respectively). In multivariate regression, age and macular detachment were the risk factors for CME after stepwise forward selection.
In the patients with more extensive RD (defined as macular detachment plus RD of more than 3 clock hours before surgery), 8 of 68 patients had CME after the operation. Among this group of patients, there was no significant difference in the extent of RD between those with or without CME, while a significant difference was still found in the age and whether the patients receiving external drainage (Table 3) .
The average logMAR visual acuity after surgery was significantly better than the preoperative visual acuity (preoperative: 0.70 ± 0.68; postoperative: 0.41 ± 0.40; Po0.001). A better postoperative visual acuity was 33 (25.4) Duration from surgery to OCT (weeks; mean ± SD; range) 11.1 ± 3.5 (8) (9) (10) (11) (12) (13) (14) Follow-up time (months; mean ± SD; range) 16.9 ± 9.4 (6-42) Abbreviations: CME, cystoids macular edema; OCT, optical coherence tomography; OP, operation; RD, retinal detachment. 
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significantly associated with a younger age, absence of CME, and better preoperative vision (Po0.05).
Discussion
Previous studies have reported a wide range of incidence rates (5.6-43%) of CME following SB for primary RRD. [5] [6] [7] [8] [9] [10] In this study, the incidence of CME after SB surgery was 6.9%, which is lower than most previous studies, [5] [6] [7] [8] [9] except for one study by Ackerman and Topilow. 10 They reported a low incidence rate of CME, and postulated that using diathermy instead of cryopexy during SB surgery was the most likely cause. In our study, every patient received standard cryopexy during surgery. The reason for the low incidence rate of CME in our study may be due to differences in the study cohort compared with the previous studies. Our patients were relatively younger (mean age: 45.7 years vs 59-61 years) and had less complicated RD compared to previous studies. 6, 7 Due to improvements in the surgical technique and outcomes of vitrectomy, 1 surgeons tends to perform pars plana vitrectomy for patients with more complicated RD and pseudophakic eyes, while performing SB for the relatively milder ones. Only 7.7% of patients in our study had RRD of more than 2 quadrates, and 10% had multiple breaks in different quadrates, which may have influenced the choice of surgical intervention, the decision to use external drainage, and the area to which cryopexy was applied.
An older age has been reported to be a risk factor for the development of CME following SB in phakic eyes. 6, 9 Other studies have also shown a trend of a higher incidence of CME after SB in older age groups, 5,7 while a recent study reported a lower than expected incidence rate (5%) with a younger group of patient (median age: 36 years). 14 In our study, all patients with CME were 50 years of age or older and were significantly older than those without CME. Age-related changes in retinal vessels may leave the elderly more vulnerable to manipulations and fluctuations in intraocular pressure during surgery, as well as altering the permeability of vessel walls, thus leading to a higher incidence of postoperative CME.
Several studies have reported an increased incidence of CME after SB in patients with a history of cataract surgery. 5, 6, 8 However, there was no significant difference in the incidence of CME between the phakic and pseudophakic groups in our study although numbers in the pseudophakic group were too small (n = 9) to draw any definitive conclusions.
Macular detachment was not considered to be a risk factor for the development of CME in the 1980s, 5-7,9,10 but only after a recent study was published by Tunc et al. 8 In their study, 36% of the patients with macula-off RRD developed CME after SB, compared to only 18% of the patients with an attached macula (P = 0.03). However, the difference was not significant in the same study when the surgical procedure was pneumatic retinopexy rather than SB. The reason for this inconsistency was not discussed in their study. In our study, CME developed more frequently in the patients with a detached macula before surgery (P = 0.038). In addition, the greater extent of RD preoperatively may have resulted in a higher risk of developing CME in our cohort. A larger RD area with a detached macula may indicate more severe ischemia and inflammation in the retina. This pre-existing condition then leaves the retina more vulnerable to developing CME, especially after multiple manipulations during surgery.
Sabates et al 7 reported that external drainage during SB may be a risk factor for postoperative CME. However, since 89% of the cases received drainage in their study, no statistical significance between external drainage and CME was found. In Ackerman and Topilow's study, 10 six Table 3 Cystoid macular edema associated risk factors in extensive retinal detachment patients after scleral buckling surgery
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Eye of seven patients (85.7%) with CME received drainage during SB, while only 47% of their patients underwent subretinal fluid drainage during surgery. Although their study could not definitively conclude that external drainage was a risk factor for CME, there was still a possible association. Our study demonstrated a positive association between CME and external drainage, and a higher percentage of the patients underwent fluid drained in the CME group. The link between external drainage during SB and CME following surgery may be via eyeball hypotony due to drainage of the subretinal fluid.
A previous study reported that CME is a prominent feature of hypotony maculopathy. 15 The more prominent the subretinal fluid, the higher the risk of hypotony after drainage. Fluctuations in intraocular pressure during external drainage and the occurrence of hypotony may have further increased the risk of CME in these susceptible patients.
External drainage is often performed in patients with more bullous RD in order to remove the subretinal fluid during SB, thus helping to localize the breaks and reduce the time needed for cryopexy to allow for adequate retinal adhesion. To further evaluate the effect of external drainage on CME, we performed subgroup analysis, in which we focused on the patients with more extensive RD (defined as RD extending to more than three clock hours combined with macular detachment). The results showed that external drainage was an independent risk factor for the development of CME, and also an older age. These findings suggest that more subretinal fluid before surgery results in a higher risk of hypotony due to external drainage, and thus increasing the risk of CME.
Previous studies have evaluated the role of antiinflammatory medications in preventing the development of CME after SB, including oral parecoxib/valdecoxib 14 and steroid, 16 and both failed to show a reduced incidence of CME in the treated patients compared with placebo group. Similarly, intravitreal injections of steroids immediately after SB surgery also failed to show a difference in postoperative CME. 17 Although steroids may not prevent the development of CME, they may be useful in treating CME following SB. Bonfiglio et al reported a 59-year-old woman who presented with CME after SB who had CME that completely resolved after an intravitreal injection of a dexamethasone implant. 18 In our study, five of the nine patients with CME received posterior subtenon injections of triamcinolone acetonide. After an average of 2.8 injections (range: 2-4), all five patients had complete remission of CME on OCT.
Previous studies have used fluorescein angiography as the diagnostic tool to detect CME. [5] [6] [7] [8] [9] [10] However, complications after angiography have been reported, including mild nausea, vomiting, skin discoloration and severe anaphylactic shock. 19, 20 With non-invasive OCT, CME following uveitis or post-cataract surgery can be detected. The quality and sensitivity of OCT images are at least as good as angiography; however, OCT has fewer complications. 11, 12, 21 More than half of CME cases after RD surgery persist for at least 1 year, 9 and increased macular thickness has still been detectable on OCT 24 weeks after cataract surgery. 12 We believe that OCT can be used as a good diagnostic tool and also a precise follow-up method to detect CME. OCT also provides other information regarding microstructural changes in the fovea. 22 Our study clearly demonstrated the efficacy of OCT in detecting CME during patient follow-up.
The main limitations of this study are due to the retrospective design and the lack of a well-designed control group. In addition, the extent of cryopexy treatment, a factor that could confound the incidence of CME, 23 was not documented in details. Although all of the patients received cryopexy around the peripheral retinal breaks, we were not able to determine the impact of cryopexy on the development of CME.
In conclusion, CME occurred in about 6.9% of our patients following SB. The risk factors associated with the development of CME included an older age, more extended RD, macular detachment, and external drainage. We also demonstrated the usefulness of OCT in following patients after SB to detect the development of CME. According to our findings, when using SB as firstline treatment for primary RRD, clinicians should be aware of the possibility of developing CME after surgery in the elderly and those with extensive RD, and external drainage should be used with caution in those with other risk factors. We also suggest that OCT should be performed during follow-up to detect the possible development of CME and other foveal microstructural changes.
Summary
What was known before K Cystoid macular edema following successful scleral buckling may prolong the visual recovery.
K Cystoid macular edema following scleral buckling are detected by fluorescein angiography.
What this study adds K The risk factors associated with cystoid macular edema after scleral buckling are older age, more extended RD, macular detachment, and external drainage.
K Optical coherence tomography is a helpful tool for discovering cystoid macular edema following scleral buckling.
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